US009215046B2

a2 United States Patent

Mizoguchi

US 9,215,046 B2
Dec. 15, 2015

(10) Patent No.:
(45) Date of Patent:

(54)

(71)

(72)
(73)

")

@
(22)

(65)

(30)

Jul. 17,2012

(1)

(52)

(58)

FAULT DIAGNOSIS DEVICE FOR
MULTIPLEXER

Applicant: DENSO CORPORATION, Kariya-city,
Aichi-pref. (JP)

Inventor: Tomomichi Mizeguchi, Nagoya (IP)

Assignee: DENSO CORPORATION, Kariya (IP)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 186 days.

Appl. No.: 13/914,883

Filed: Jun. 11, 2013

Prior Publication Data

US 2014/0022913 Al Jan. 23, 2014

Foreign Application Priority Data

(IP) 2012-158286

Int. Cl1.
HO4L 1724
GOIR 31/14
GOIR 31319
GOIR 317327
GOIR 31/04

U.S. CL
CPC

(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)

HO4L 1/24 (2013.01); GOIR 31/041
(2013.01); GOIR 31/14 (2013.01); GOIR
31731926 (2013.01); GOIR 31/327 (2013.01)
Field of Classification Search

CPC HO047J 3/00; GO5B 19/0425; GO5B
2219/21137; GO5B 2219/24069; GO5B
2219/25435; GO1R 31/041

See application file for complete search history.

SELECTION OF CH10
(A=H.B=L C=H.D=L)

SELECTION OF CHt1
(A=LB=HGC=LDzH)

Ve3 =VCC ?

YES

Ve4=VCC?

ES

(56) References Cited

U.S. PATENT DOCUMENTS

4,868,413 A * 9/1989 Oakland etal. ........... 327/408
5,543,731 A * 8/1996 Sigaletal. ... 326/40
8,386,862 B2* 2/2013 Teraeetal ... 714/724
2007/0252744 Al 112007 Takeuchi
2010/0235699 Al 9/2010 Terae et al.

FOREIGN PATENT DOCUMENTS

Jp 1-319818 12/1989
Jp H02-013867 1/1990
(Continued)
OTHER PUBLICATIONS

Office Action (1 page) dated Apr. 30, 2014, issued in corresponding
Japanese Application No. 2012-158286 and English translation (1

page).

Primary Examiner — Habte Mered
(74) Attorney, Agent, or Firm — Nixon & Vanderhye P.C.

(57) ABSTRACT

The fault diagnosis device is for a multiplexer having inner
channels selectable by a selection signal. At least two of the
inner channels are assigned with input channels. Two of the
inner channels in a mutually exclusive relationship are
assigned with first and second diagnostic channels. Input
voltages of the first and second diagnostic channels are
applied with first and second diagnostic voltages, respec-
tively. The fault diagnostic device includes a voltage detec-
tion section configured to detect a first detection voltage
appearing at the output channel when the first diagnostic
channel is selected and a second detection voltage appearing
at the output channel when the second diagnostic channel is
selected, and a diagnosis section configured to determine that
the multiplexer is faulty upon detecting that the first detection
voltage is different from the first diagnostic voltage or the
second detection voltage is different from the second diag-
nostic voltage.

9 Claims, 17 Drawing Sheets

S14

[MULTIPLEXER: NORMAL]  [MULTIPLEXER: FAULTY]




US 9,215,046 B2

Page 2
(56) References Cited Jp 8-330959 12/1996
Jp 2007-300469 11/2007
Jp 4801180 8/2011

FOREIGN PATENT DOCUMENTS

Jp 8-56160 2/1996 * cited by examiner



US 9,215,046 B2

Sheet 1 of 17

Dec. 15, 2015

U.S. Patent

L9%'e'L'0=w)
s XeWA S WA S UIWA
e
b T .,,wA.m-“ L ) O LA
{ “ rf \,
LIMS ! LHO
$——o _ . < OIN
s 9HO
® m o __ T
' GMS m GHO O
& —o I L A
| \yomm PHO
+—L—o _ 0 Om>
YOI~ m \M,Mw“ gHO
® —O0 ¢ I}
8 e —
_/ s | THO
c/ﬁ .W\W o0 m . ¢ O_>
wnanoo | rol T L | | o\Mzmm F_Io ) Oon
~OHOIN A OO oM | O0HO
....... _ & (00N
bl



US 9,215,046 B2

Sheet 2 of 17

Dec. 15, 2015

U.S. Patent

LA H H H | [HD

gA H H T 9HO

(0)SA H ] H | GHD

A H g 1 ¥HO

gA 1 H H | SHD

(QOAZA | 1 H T | THD

LA T ] H IHO

oA oA | 1] 1|1 om0

=V=0 |H=0=8|1=0-9 H=4d 0 a v

aLvis TNYHO

17nv4 LINOYIO-LYOHS NId 170V4 YOILS “WINHON NI i

woop | TYNDIS NOLLOTTIS

SALVLS 11NV NI WooA

¢ Ol




U.S. Patent Dec. 15, 2015 Sheet 3 of 17 US 9,215,046 B2
INNER | SELECTION SIGNAL INPUT CHANNEL SELECTION
CHANNEL REMARKS
A | B | C | CHO | GHI | CH2 | CH3 | CH4 | CH5 | CH6 | CH7
co| L | L | L OFF | OFF | OFF | OFF | OFF | OFF | OFF
C1 H L L | OFF OFF | OFF | OFF | OFF | OFF | OFF
C2 | L | H | L |OFF | OFF OFF | OFF | OFF | OFF | OFF | DIAGNOCTIC
C3 | H H L | OFF | OFF | OFF OFF | OFF | OFF | OFF
C4 | L | L | H |OFF | OFF | OFF | OFF OFF | OFF | OFF
65 | H | L | H | oFr | oFf | OFF | oFF | OFF OFF | OFF | PIAGNCSTIC
C6 | L | H | H | OFF | OFF | OFF | OFF | OFF | OFF |[ON]| OFF
C7 | H | H | H | OFF | OFF | OFF | OFF | OFF | OFF | OFF
(. stRT )
v S10
SELECTION OF CH2
(A=L,B=HC=L)
v S12
Veom > V? ‘
(Vmax £ Va < VCC)/ NO
v YES S16
SELECTION OF CH5
(A=H,B=L,C=H)
v S18
Veom > VA? NO
0 <VB = Vmin < Vmax)
v YES S20 S14
MULTIPLEXER: NORMAL| [MULTIPLEXER: FAULTY
< |
\ A

C

END

)




US 9,215,046 B2

Sheet 4 of 17

Dec. 15, 2015

U.S. Patent

(L'9'7's'T'1'0=Y)
e XeWA S YA S UIWA.
g Ewm
YV VL 7
4! I o
_ T n.;f LA
| \M,Mmm LHO
1 ro) ™
] i T
| \M%m" IHO O
—O0 " 0
m o | GO
+—0 ! o, ¢ A
s | o ©
—o__o— 0 < O
VOl— | \M,Mm" £HO ¢
ol 2o  S— O
N 91 L, A i
\ .M\_..h el = O 1A
wundnoo | font T m o\M;of ) " O
~OYOIN | WOd9A | “ = 0A
W09 | OMS ! 0HO



U.S. Patent Dec. 15, 2015 Sheet 5 of 17 US 9,215,046 B2

FIG.6

(st )

i) S10
SELECTION OF CH2
(A=L,B=HC=L)
,L S22
Vel =Veom
1 S16
SELECTION OF CH5
(A=H,B=L,C=H)
J 824
Ve2 = Veom
i) S26
C Vet=verr  HNO
| YES S20 l S14
MULTIPLEXER: NORMAL| [MULTIPLEXER: FAULTY
|
3

C E;D )




US 9,215,046 B2

Sheet 6 of 17

Dec. 15, 2015

U.S. Patent

dl

oI 1

8l

A

d31NdW09d
-OdOIN

WOooA

av

< |0 Ola

(6~0=1)
0N > XBUA S dA S UIWA.

(O 6A

O s

O LA

—(O 9

OsA

O A

O ¢

O

OIA

WOO

- 0A



US 9,215,046 B2

Sheet 7 of 17

Dec. 15, 2015

U.S. Patent

TINNYHO 3SINON HIH|H|H| G0
6HO HIHIH|T] ¥IO
8HO HIH|T|H| €10

MINNYHO ISNNON HIH|T|7]| 210
[HO | H{T|H|{H]| 1D

(TNH) JLISCROV Hi1 a3 oo

INNYHO JSNNON Hl7|7|H| 60
9HO Hi111]1] 8
GHO TIH{H|H| D

TINNYHO JSNNON | TIH|H|[T| 9

juzz<:w %&%o%sew T1HI|H ¢n
yHO TIHIT|1] ¥
gHO T1T|HIH| €0
¢HO T1T{H|T| ¢O
IHO T|17|7T|H| 10
0HO 1077 ]71] 00

1=0=8 |H=g=v =0 BERERR RN

e 17NV LINONIO-LHOHS Nid 1INV YOLLS 2Y1S TYHHON NI

SALVLS 17NV4 NI SNYILLYd NOLLOTTIS TINNYHO SNH3L1¥d NOLLOF 135 TINNVHO

8 Ol




o C10

< G5

US 9,215,046 B2

Sheet 8 of 17

FIG.9

Dec. 15, 2015

H=0=0
0 o | 7=0=9
¢ H=0=9
o o | 1=0=9
= ? H=8=Y
0 & 1=8=v
o H=a vmm;s.m

1nv4
H 0 1=d
H=0

H <& =0
<& H=8

m I=4d
0 H=¥

= A

EINARS
TYIWION

*+ NONUSE CHANNEL

G4
C13

U.S. Patent

Ci0 | Fo—o
C2
C1

‘
O

CHER

o8
o7
c4

®

C1i

DIAGNCSTIC CHANNEL



U.S. Patent Dec. 15, 2015 Sheet 9 of 17 US 9,215,046 B2

FIG.10A
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FIG.11
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FIG.13
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FIG.14
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FIG.15
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FIG.16
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FIG.17
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FAULT DIAGNOSIS DEVICE FOR
MULTIPLEXER

This application claims priority to Japanese Patent Appli-
cation No. 2012-158286 filed on Jul. 17, 2012, the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a fault diagnosis device for
a multiplexer.

2. Description of Related Art

Japanese Patent No. 4801180 describes a fault diagnosis
device for a multiplexer including a plurality of switches
operated to select one of a plurality of input channels to be
connected to an output channel. This fault diagnosis device is
configured to diagnose whether the multiplexer is faulty or
not by monitoring the voltage appearing at the output channel
of the multiplexer when different test voltages are succes-
sively applied to the plurality of the input channels of the
multiplexer.

The fault diagnosis device makes it possible to reliably
determine whether the multiplexer is faulty or not. However,
the fault diagnosis device has to be provided with a structure
for applying the different test voltages to the respective input
channels. Accordingly, since the circuit scale of the fault
diagnosis device is large, the manufacturing cost thereof is
large.

SUMMARY

An exemplary embodiment provides a fault diagnosis
device for a multiplexer having a plurality of inner channels
selectable by a selection signal represented by a plurality of
bits, at least two of the inner channels being respectively
assigned with input channels, one of the input channels being
selected to be connected to an output channel of the multi-
plexer in accordance with the selection signal, two of the
inner channels which are in a mutually exclusive relationship
in logic state being respectively assigned with first and second
diagnostic channels, an input voltage of the first diagnostic
channel being applied with a first diagnostic voltage, an input
voltage of the second diagnostic channel being applied with a
second diagnostic voltage, the fault diagnostic device includ-
ing

a voltage detection section configured to detect a first
detection voltage appearing at the output channel when the
first diagnostic channel is selected by the selection signal and
a second detection voltage appearing at the output channel
when the second diagnostic channel is selected by the selec-
tion signal; and

a diagnosis section configured to determine that the multi-
plexer is faulty upon detecting that the first detection voltage
is different from the first diagnostic voltage or the second
detection voltage is different from the second diagnostic volt-
age.

According to the exemplary embodiment, there is provided
a fault diagnosis device for a multiplexer, which is small in
circuit scale and can reliably diagnose whether the multi-
plexer is faulty or not.

Other advantages and features of the invention will become
apparent from the following description including the draw-
ings and claims.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a diagram showing a structure of a multiplexer
system including a multiplexer and a fault diagnosis device
according to as a first embodiment of the invention;

FIG. 2 is a table showing detection voltages appearing at
the output channel of the multiplexer during a fault diagnosis
process;

FIG. 3 is a table for explaining a method of assignment of
diagnosing channels etc. in the first embodiment;

FIG. 4 is a flowchart showing steps of the fault diagnosis
process performed in the first embodiment;

FIG. 5 is a diagram showing a structure of a multiplexer
system including a multiplexer and a fault diagnosis device
according to a second embodiment of the invention;

FIG. 6 is a flowchart showing steps of a fault diagnosis
process performed in the second embodiment;

FIG. 7 is a diagram showing a structure of a multiplexer
system including a multiplexer and a fault diagnosis device
according to a third embodiment of the invention;

FIG. 8 is a diagram showing channel selection patterns in
the normal state and fault states in the third embodiment;

FIG. 9 is a diagram showing a method of assignment of
non-use channels performed in the third embodiment;

FIGS. 10A and 10B are diagrams showing another method
of assignment of non-use channels performed in the third
embodiment;

FIG. 11 is a flowchart showing steps of a fault diagnosis
process performed in the third embodiment;

FIGS. 12 to 17 are diagram showing methods of assign-
ment of non-use channels performed in other embodiments of
the invention; and

FIG. 18 is a diagram showing a structure of a multiplexer
system including a multiplexer and a fault diagnosis device
according to other embodiments of the invention.

PREFERRED EMBODIMENTS OF THE
INVENTION

In the below described embodiments, the same or equiva-
lent components are indicated by the same reference numer-
als or letters.

First Embodiment

FIG. 1 shows an entire structure of a multiplexer system
including a multiplexer 10A and a fault diagnosis device
according to a first embodiment of the invention.

As shown in FIG. 1, the multiplexer 10A includes zeroth to
seventh input channels (input terminals) CHO to CH7, an
output channel (output terminal) COM, zeroth to seventh
switches SW0 to SW7, a selection circuit 12 which opens or
closes the switches SW0 to SW7 in accordance with first to
third manipulation signals A, B and C such that a selected one
of'the input channels CHO to CH7 is connected to the output
channel COM, and terminals TA, TB and TC for receiving the
first to third manipulation signals A, B and C from a later-
described microcomputer 18.

The nth (n being an integer from 0 to 7) input channel CHn
is connectable to the output channel COM through the nth
switch SWn.

The mth (m=0, 1, 3, 4, 6, 7) input channel CHm is con-
nected to an external signal detection object (an object out-
putting a signal to be detected). In this embodiment, each of
the signal detection objects outputs an analog voltage signal
within a predetermined output voltage range from a minimum
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voltage Vmin (0.5 V, for example) to a maximum voltage
Vmax (4.5V, for example). Accordingly, a voltage inputted to
the mth input channel CHm takes a value within the prede-
termined output voltage range.

The second input channel CH2 is connected to a power
source 14 generating a terminal voltage VCC (5 V, for
example). The fifth input channel CHS is grounded. The
power source 14 supplies electric power to the later explained
microcomputer 18 in addition to the multiplexer 10A. In this
embodiment, the potential of the ground is assumed to be
Zero.

The multiplexer 10A, a later described A/D converter 16
and the microcomputer 18 are mounted on a circuit board.
The multiplexer 10A is formed as an integrated circuit.
Accordingly, the nth input channel CHn, the output channel
COM and the terminals TA to TC are pin terminals of the
integrated circuit.

The selection circuit 12 includes a decoder. The selection
circuit 12 is configured to close or open the nth input channel
SWn based on the first to third manipulation signals A to C
generated in accordance with a predetermined sequence.

The output channel COM of the multiplexer 10A is con-
nected to the input terminal of the A/D converter 16. The A/D
converter 16 converts the analog voltage signal outputted
from the output channel COM into a digital signal.

The digital signal outputted from the A/D converter 16 (this
digital signal being referred to as the “detection voltage
Vcom” hereinafter).

The microcomputer 18 includes a CPU, a ROM and a RA
which are not shown in the drawings. The microcomputer 18
monitors the detection voltage Vcom to perform various pro-
cesses, and outputs the first to third manipulation signals A to
C for closing or closing the nth switch SWn through the
selection circuit 12.

The zeroth to seventh input channels CHO to CH7 are
assigned to eight inner channels of the multiplexer 10A
selectable by the three-bit signal as a selection signal repre-
sented by the first to third manipulation signals A to C. The
selection circuit 12 selects one of the input channels CHO to
CH?7 to be connected to the output channel COM in accor-
dance with the three-bit signal, closes the switch correspond-
ing to the selected input channel, and opens the switches
corresponding to the other input channels.

There may occur a fault in the multiplexer 10A such as a
stick fault or a pin short-circuit fault. Here, a stick faultis a
fault in which the logic state of one of the first to third
manipulation signals A to Cis fixed and cannot be inverted. A
stick fault may be caused by an open fault in the terminals TA
to TC or in electrical paths between the terminals TA to TC
and the microcomputer 18, or by a fault occurred in the
selection circuit 12 or microcomputer 18, for example. A
pin-short circuit fault is a fault in which either two of the
terminals TA to TC are short-circuited.

If such a fault occurs, the detection voltage Vcom may
deviate from its normal value supposed to appear in the nor-
mal state (when the multiplexer 10A operates normally) as
shown in the table of FIG. 2. In the table of FIG. 2, there are
shown values of the detection voltage Vcom in the normal
state and in fault states (when the multiplexer 10A has a stick
fault or a pin short-circuit fault) for the respective input chan-
nels CHO to CH?7 selectable by the three-bit signal repre-
sented by the manipulation signals A, B and C. The shading in
the table of FIG. 2 indicates that the detection voltage Vcom
deviates from its normal value. If there occurs such a fault in
the multiplexer 10A, it is not possible for the microcomputer
18 to perform various processes correctly.
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To cope with this potential problem, the microcomputer 18
performs a fault diagnosis process to determine whether the
multiplexer 10A is operating normally or not based on the
values of the detection voltage Vcom. Next, the fault diagno-
sis process is explained.

Prior to explaining the fault diagnosis process, a method of
assignment of diagnostic channels is explained with refer-
ence to FIG. 3. FIG. 3 shows how each of the eight input
channels C0 to C7 is assigned to the three-bit signal.

Of the eight input channels CHO to CH7, the second and
fifth input channels CH2 and CHS5 are used also as diagnostic
channels. The reason why the second and fifth input channels
CH2 and CHS are used also as the diagnostic channels is that
they are in a mutually exclusive relationship in logic state,
that is, the logic states of the three bits of the three-bit signal
assigned to the second input channel CH2 and those of the
fifth input channel CHS5 are in an inverted relationship. In this
embodiment, the second input channel CH2 is connected to
the power source 14 and the fifth input channel CHS is
grounded as shown in FIG. 1. This is because the second and
fifth input channels CH2 and CHS are used as the diagnostic
channels.

Next, the fault diagnosis process performed in this embodi-
ment is explained with reference to FIG. 4. This process is
performed by the microcomputer 18 after each N (N being a
positive integer) cycles of the opening/closing sequence of
the first to seventh switches SW0 to SW7.

This process begins in step S10 where the first and third
manipulation signals A and C are set to the logic low level
(“L-level” hereinafter) and the second manipulation signal B
is set to the logic high level (“H-level” hereinafter) in order to
select the second input channel CH2 used as the diagnostic
channel to be connected the diagnostic channel. As aresult, of
the zeroth to seventh switches SW0 to SW7, only the second
switch SW2 is closed.

In subsequent step S12, it is detected whether or not the
detection voltage Vcom is higher than a first threshold voltage
Va (4.5 'V, for example). Here, the first threshold voltage Vo
is set higher than or equal to the maximum voltage Vmax and
lower than the terminal voltage VCC of the power source 14.
In this embodiment, the terminal voltage VCC is used as a
diagnostic voltage.

If the detection result in step S12 is negative, the process
determines that the detection voltage Vcom is different from
the diagnostic voltage, and proceeds to step S14. In step S14,
adiagnosis thatthere is a fault in the multiplexer 10A is made.
It is preferable that the result of this diagnosis is informed to
the user.

On the other hand, if the detection result in step S12 is
affirmative, the process proceeds to step S16 where the first
and third manipulation signals A and C are changed to the
H-level and the second manipulation signal B is changed to
L-level in order to select the fifth input channel CH5 used as
the diagnostic channel to be connected to the output channel.
That is, the logic states of these manipulation signals are
inverted. As a result, of the zeroth to seventh switches SW0 to
SW7, only the fifth switch SW5 is closed.

In subsequent step S18, it is detected whether or not the
detection voltage Vcom is lower than a second threshold
voltage Vf (0.5 V, for example). Here, the second threshold
voltage VP is set higher than the ground voltage of zero and
lower than the minimum voltage Vmin. In this embodiment,
the ground voltage of zero is used as a diagnostic voltage.

If the detection result in step S18 is negative, the process
determines that the detection voltage Vcom is different from
the diagnostic voltage. That is, the process determines that the
logic states of all of the three bits of the three-bit signal have
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not been inverted by the operation of step S16. In this case, the
process proceeds to step S14 where a diagnosis that there is a
fault in the multiplexer 10A is made.

On the other hand, if the determination result in step S18 is
affirmative, the process proceeds to step S20 to make a diag-
nosis that there is no fault in the multiplexer 10A, that is, the
multiplexer 10A is operating normally.

After completion of step S14 or S20, the process is termi-
nated temporarily.

The first embodiment described above provides the follow-
ing advantages.

(1) The input voltages of the second and fifth input chan-
nels CH2 and CH5 used also as the diagnostic channels are set
to the terminal voltage VCC and the ground voltage of zero,
respectively, which are out of the predetermined output volt-
age range. [f the detection voltage Vcom which appears when
the second input channel CH2 is selected to be connected to
the output channel COM is detected to be lower than the first
threshold voltage Va., or if the detection voltage Vcom which
appears when the fifth input channel CHS is selected to be
connected to the output channel COM is detected to be higher
than the second threshold voltage V3, a diagnosis that there is
a fault in the multiplexer 10A is made. Accordingly, it is
possible to reliably determine, for each of all the input chan-
nels CHO to CH7, whether a fault is present. Hence, according
to the first embodiment, it is possible to reliably diagnose
whether the multiplexer 10A is normal or faulty.

Only two of the eight input channels CHO to CH7 are used
also as the diagnostic channels for diagnosing the multiplexer
10A. Accordingly, the circuit scale and the manufacturing
cost of the fault diagnosis device for the multiplexer 10A can
be prevented from increasing.

(2) The second input channel CH2 is connected to the
power source 14 supplying power to the microcomputer 18,
and the fifth input channel CHS5 is grounded. Accordingly, it
is not necessary to provide a power source dedicated to the
fault diagnosis device.

Second Embodiment

Next, a second embodiment of the invention is described
focusing on differences with the first embodiment.

FIG. 5 shows an entire structure of a multiplexer system
including the multiplexer 10A and a fault diagnosis device
according to a second embodiment of the invention.

As shown in FIG. 5, in the second embodiment, the second
and fifth input channels CH2 and CHS are connected to the
same external signal detection object. That is, the second and
fifth input channels CH2 and CHS5 are short-circuited to each
other.

In this embodiment, the signal detection object connected
to the second and fifth input channels CH2 and CHS outputs
an analog voltage signal within the predetermined output
voltage range from the minimum voltage Vmin to the maxi-
mum voltage Vmax.

FIG. 6 is a flowchart showing steps of a fault diagnosis
process performed in the second embodiment. This process is
performed by the microcomputer 18 after each N (N being a
positive integer) cycles of the opening/closing sequence of
the zeroth to seventh switches SW0 to SW7. In FIG. 6, the
same steps as those shown in FIG. 4 are indicated by the same
step numbers.

In this embodiment, after completion of step S10, the pro-
cess proceeds to step S22 where the detection voltage Vcom
is stored in a first storage parameter Vcl.
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Thereafter, the process proceeds to step S24 by way of step
S16. In step S24, the detection voltage Vcom is stored in a
second storage parameter Vc2.

In subsequent step S26, it is determined whether or not the
value of the first storage parameter Vcl is the same as the
value of the second storage parameter Vc2. Step S26 is pro-
vided for diagnosing whether there is a fault in the multi-
plexer 10. In this embodiment, the input voltage V2 of the
second input channel CH2 is used as the diagnostic voltage.
Accordingly, if the determination result in step S26 is nega-
tive, it means that one of the detection voltage Vcom which
appears while the second input channel CH2 is selected and
the detection voltage Vcom which appears while the fifth
input channel CHS is selected differs from the diagnostic
voltage.

If the determination result in step S26 is negative, the
process proceeds to step S14. On the other hand, if the deter-
mination result in step S26 is affirmative, the process pro-
ceeds to step S20.

After completion of steps S14 or S20, the process is termi-
nated temporarily.

In the second embodiment described above, the second and
fifth input channels CH2 and CHS5 are short-circuited with
each other, and the fault diagnosis process as shown in FIG. 6
is performed. According to the second embodiment, in addi-
tion to the same advantages as those provided by the first
embodiment, there is provided an advantage that, since the
fault diagnosis process can be performed by using only one
diagnostic channel, reduction of the number of the input
channels connected to the external signal detection objects
can be reduced.

Third Embodiment

Next, a third embodiment of the invention is described
focusing on differences with the first embodiment.

FIG. 7 shows an entire structure of a multiplexer system
including a multiplexer 10B and a fault diagnosis device
according to a third embodiment of the invention.

As shown in FIG. 7, the multiplexer 10B operates in accor-
dance with a four-bit signal as a selection signal constituted of
the first to fourth manipulation signals A to D. In this embodi-
ment, the multiplexer 10B includes the zeroth to ninth input
channels CHO to CH9, the zeroth to eleventh switches SW0 to
SW11, the selection circuit 12 for opening and closing the
switches SW0 to SW11 in accordance with the four-bit signal
and the first to fourth terminals TA to TD for receiving the first
to fourth manipulation signals A to D outputted as the four-bit
signal from the microcomputer 18.

The pth input channel CHp (p=0to 9) is connectable to the
output channel COM through the pth switch SWp. The pth
input channel CHp is connected to the external signal detec-
tion object. In this embodiment, like in the first embodiment,
each of the signal detection objects outputs an analog voltage
signal within the predetermined output voltage range from
the minimum voltage Vmin to the maximum voltage Vmax.

The output channel COM is connected through a parallel
connection of the tenth and eleventh switches SW10 and
SW11 to a power source 20 which generates the terminal
voltage VCC.

The microcomputer 18 outputs the first to fourth manipu-
lation signals A to D to the selection circuit 12 in order to open
or close the pth switch.

Next, a method of assignment of diagnostic channels is
explained prior to explaining a fault diagnosis process per-
formed in this embodiment.
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As shown in FIG. 8, two diagnostic channels are assigned
to two of the sixteen inner channels C0 to C15 selectable by
the four-bit signal, which are in a mutually exclusive relation-
ship in logic state. In this embodiment, the two diagnostic
channels are assigned to the inner channels C5 and C10. FIG.
8 shows channel selection patterns indicating logic states (bit
states) of the four-bit signal in the normal state and in fault
states for the respective inner channels C0 to C15. The shaded
channel numbers in the table of FIG. 8 show channel numbers
of the mis-selected inner channels. In this embodiment, the
diagnostic channel assigned to the inner channel C5 is indi-
cated by “CH10”, and the diagnostic channel assigned to the
inner channel C10 is indicated by “CH11”.

Next, assignment of the input channels is performed.

In this embodiment, none of the input channels doubles as
the diagnostic channel, and not all the inner channels other
than the two inner channels C5 and C10 assigned to the
diagnostic channels CH10 and CH11 are assigned to the input
channels. That is, the number of the input channels is smaller
than the maximum number of the inner channels selectable by
the four-bit signal. In this embodiment, since the number of
the input channels is ten, four of the sixteen inner channels C0
to C15 are not assigned to either the input channels or the
diagnostic channels. These four inner channels are called
“non-use channels” hereinafter. Next, a method of assign-
ment of the input channels and the diagnostic channels is
explained with reference to FIGS. 9 and 10.

FIG. 9 shows channel numbers of the inner channels that
can be wrongly selected when the diagnostic channel has
been selected to be connected to the output channel COM in
a case where there is a fault in the multiplexer 10. In FIG. 9,
“NON-USE CHANNEL CANDIDATES” means the six
inner channels that cannot be wrongly selected when the
diagnostic channel has been selected to be connected to the
output channel COM in a case where there is a fault in the
multiplexer 10.

As shown in FIG. 9, this embodiment satisfies a condition
that the non-use channels are assigned with four of the six
non-use channel candidates (this condition being referred to
as the “wrong selection avoidance condition” hereinafter).
This condition is for increasing the reliability of the fault
diagnosis on the multiplexer 10.

This is because, when the non-use channel is selected,
since the detection voltage Vcom detected by the microcom-
puter 18 is relatively unstable, it may become equal to the
terminal voltage VCC of the power source 20. Accordingly, if
the non-use channel is assigned to the inner channel that can
be wrongly selected when the diagnostic channel has been
selected to the output channel COM in a case where the
multiplexer 10 has a fault, it may occur that a fault diagnosis
process, which is described later with reference to FIG. 11,
determines that there is no fault although actually the multi-
plexer 10 has a fault. To avoid such a situation, this embodi-
ment is configured to satisfy the wrong selection avoidance
condition.

FIG. 10A shows assignment of the diagnostic channels
CH10 and CH 11 and the non-use channel candidates shown
in FIG. 9. In order to assigning the input channels and the
non-use channels to the inner channels while satisfying the
wrong selection avoidance condition, the following equation
el has to be satisfied.

(the number of the non-use channel candidates)=(the

number of the non-use channels) (eql)

where (the number of the non-use channels)=2"(the num-
ber of the bits of the selection signal)-(the number of the
input channels)-(the number of the diagnostic channels)
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In this embodiment, since the four-bit signal is used as the
selection signal, the number of the input channels is 10, and
the number of the diagnostic channels is 2, the number of the
non-use channels is 4. Since the number of the non-use chan-
nel candidates is 6 as shown in FIG. 10A, the equation (eql)
is satisfied. Accordingly, it is possible to make the assignment
of'the input channels and the non-use channels so as to satisfy
the wrong selection avoidance condition. As shown in FIG.
10B, in this embodiment, of the six non-use channel candi-
dates C0, C3, C6, C9, C12 and C15, the inner channels C6,
C9, C12 and C15 are assigned with the non-use channels.
Further, the zeroth to ninth input channels CHO to CH9 are
assigned to the ten inner channels C0 to C4,C7,C8, C11, C13
and C14 which are not assigned with the diagnostic channels
CH10 and CH 11 or the non-use channels.

FIG. 11 shows steps of the fault diagnosis process per-
formed in this embodiment. This process is performed by the
microcomputer 18 after each N (N being a positive integer)
cycles of the opening/closing sequence of the zeroth to ninth
switches SWO0 to SW9. In FIG. 11, the same steps as those
shown in FIG. 4 are indicated by the same step numbers.

This process begins in step S28 where the first and third
manipulation signals A and C are set to the H-level, and the
second and fourth manipulation signals C and D are set to the
L-level in order to select the diagnostic channel CH10 to be
connected to the output channel COM. As a result, of the
zeroth to eleventh switches SW0 to SW11, only the tenth
switch SW10 is closed.

In subsequent step S30, the detection voltage Vcom is
stored in the third storage parameter Vc3.

In subsequent step S32, the first and third manipulation
signals A and C are changed to the L-level, and the second and
fourth manipulation signals C and D are changed to the
H-level in order to select the diagnostic channel CH11 to be
connected to the output channel COM. As a result, of the
zeroth to eleventh switches SW0 to SW11, only the eleventh
switch SW11 is closed.

In subsequent step S34, the common voltage Vcom is
stored in the fourth storage parameter Vc4.

In subsequent step S36, it is determined whether or not the
value of the third parameter Vc3 is equal to the terminal
voltage VCC of the power source 20. Step S36 is for detecting
whether or not there is a fault in the multiplexer 10. In this
embodiment, the terminal voltage VCC of the power source
20 is used as the diagnostic voltage. Accordingly, if the deter-
mination result in step S36 is negative, it means that the
detection voltage Vcom which appears while the diagnostic
channel CH10 is selected differs from the diagnostic voltage.

If the determination result in step S36 is negative, the
process proceeds to step S14.

On the other hand, if the determination result in step S36 is
affirmative, the process proceeds to step S38 to determine
whether or not the value of the fourth storage parameter Vc4
is equal to the terminal voltage VCC of the power source 20.
Step S38 is provided for the same reason as step S36.

If the determination result in step S38 is negative, the
process proceeds to step S14. On the other hand, if the deter-
mination result in step S38 is affirmative, the process pro-
ceeds to step S20.

After completion of steps S14 or S20, the process is termi-
nated temporarily.

According to the third embodiment, in addition to the same
advantages as those provided by the first embodiment, the
following advantages are provided.

(3) The number of the input channels is smaller than the
maximum number of the channels (C0 to C15) selectable by
the four-bit signal. Further, the diagnostic channels CH10 and
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CH11 are provided within the multiplexer 10. Such a struc-
ture makes it possible to provide the diagnostic channels
easily in a case where the number of the pin terminals of the
IC constituting the multiplexer 10 is limited. In addition, it is
possible to avoid the number of the input channels from being
reduced for providing the diagnostic channels.

(4) The assignment of the input channels and the non-use
channels is made so as to satisfy the wrong selection avoid-
ance condition. This makes it possible to increase the reliabil-
ity of the fault diagnosis on the multiplexer 10.

Other Embodiments

It is a matter of course that various modifications can be
made to the above described embodiments as described
below.

The method of assigning the diagnostic channels is not
limited to the one described in the first embodiment. Any
method can be used for assigning the diagnostic channels, if,
of'the eight inner channels C0 to C8 selectable by the three-bit
signal, two channels which are in a mutually exclusive rela-
tionship in logic state are assigned with the diagnostic chan-
nels. For example, as seen from FIG. 3, the zeroth and seventh
input channels CHO and CH7 may be used as the diagnostic
channels, or the first and sixth input channels CH1 and CH6
may be used as the diagnostic channels, or the second and
fifth input channels CH2 and CH5 may be used as the diag-
nostic channels.

The number of the bits of the selection signal constituted of
the manipulation signals may be any number equal to or
larger than 2. In a case where a two-bit signal is used as the
selection signal, the maximum number of the inner channels
selectable by the selection signal is 4. Accordingly, in this
case, it is possible that the four inner channels are assigned
with the four input channels, and two of these four input
channels are used also as the diagnostic channels.

The process shown in FIG. 4 may be modified such that
step S12 is changed so as to make a determination whether or
not the detection voltage Vcom is equal to the terminal volt-
age VCC of the power source 14, and step S18 is changed so
as to make a determination whether or not the detection
voltage Vcom is equal to the ground voltage of zero.

The method of setting the diagnostic voltages is not limited
to the one described in the third embodiment.

For example, the diagnostic voltage inputted to the diag-
nostic channels CH10 and CH11 may be set to zero. This can
be done by grounding one ends of the tenth and eleventh
switches SW10 and SW11 on the side opposite the output
channel COM.

For another example, two different voltages may beused as
the two diagnostic voltages as long as they are set outside the
predetermined output voltage range (between Vmin and
Vmax).

The voltage range of each signal detection object does not
necessarily have to be a single continuous range (0.5t0 4.5 V.
for example) within the receivable range of the multiplexer 10
(0to 5V, for example). It may have split ranges. In the case of
the first embodiment, if each of the signal detection objects
has a split voltage range (0.5to 2V for V0, V1 and V3, and 3
t0 4.5V for V4, V6 and V7, for example), one of the terminal
voltage VCC of the power source 14 and the ground voltage as
the diagnostic voltage may be replaced by a voltage between
the split voltage range. In this case, since the difference
between the input voltages before and after change to the
diagnostic channel can be reduced, fluctuation of the voltage
of'the output channel COM due to the channel change can be
reduced.
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In the second embodiment, three or more of the eight inner
channels C0 to C7 selectable by the three-bit signal may be
assigned with the input channels. In this case, the other inner
channels not assigned with the input channels may be
assigned with the non-use channels, for example.

The method of assigning the diagnostic channels is not
limited to the one described in the third embodiment.

For example, as shown in FIG. 12, of the sixteen inner
channels C0 to C15 selectable by the four-bit signal, the two
channels C2 and C13 which are in a mutually exclusive rela-
tionship in logic state may be assigned to the diagnostic
channels. In this case, since the number of the non-use chan-
nel candidates and the number of the non-use channels are
both 4, the equation (eql) is satisfied. Accordingly, as shown
in F1G. 13, ten of the sixteen inner channels C0 to C15 and the
two diagnostic channels can be assigned uniquely.

Further, of the sixteen inner channels C0 to C15, the chan-
nels C3 and C12 may be assigned with the diagnostic chan-
nels as shown in FIG. 14, or the channels C4 and C11 may be
assigned with the diagnostic channels as shown in FIG. 15, or
the channels C6 and C9 may be assigned with the diagnostic
channels as shown in FIG. 16. Also in these cases, since the
number of the non-use channel candidates and the number of
the non-use channels are both 4, ten of the sixteen inner
channels C0 to C15 and the two diagnostic channels can be
assigned uniquely.

Incidentally, if the diagnostic channels are assigned to the
inner channels C1 and C14, since the number of the non-use
channel candidates is 2, the equation (eql) is not satisfied as
shown in FIG. 17. In this case, it is not possible to assign the
input channels and the non-use channels satisfying the wrong
selection avoidance condition.

In the third embodiment, one of the ten input channels of
the multiplexer 10 may be grounded when the number of the
signal detection objects to be connected to the input channels
is 9. FIG. 18 shows a configuration in a case where the ninth
input channel CH9 is grounded. Also in this case, since the
voltages respectively inputted to the input channels are dif-
ferent from the diagnostic voltages, it is possible to diagnose
whether the multiplexer 10 is faulty.

In the second embodiment, the range of the output voltage
V2 ofthe signal detection object connected to the second and
fifth input channels CH2 and CH5 may be outside the prede-
termined output voltage range from the minimum voltage
Vmin to the maximum voltage Vmax. In the third embodi-
ment, the terminal voltage VCC of the power source 20 may
be within the predetermined output voltage range. In the
above embodiments, the fault diagnosis process is performed
by the microcomputer 18. However, the multiplexer 18 may
be provided with an integrated circuit to perform the fault
diagnosis process.

The above explained preferred embodiments are exem-
plary of the invention of the present application which is
described solely by the claims appended below. It should be
understood that modifications of the preferred embodiments
may be made as would occur to one of skill in the art.

What is claimed is:

1. A fault diagnosis device for a multiplexer which includes
at least two input channels, an output channel, and a selection
circuit that connects a selected one of the input channels to the
output channel in accordance with multi bit signals supplied
from outside the multiplexer,

two of the selectable input channels which are associated

with two of the multi-bit signals that are in an inverted
relationship in logic state being assigned with diagnostic
channels,
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input voltages of the diagnostic channels being set to diag-
nostic voltages,
the fault diagnosis device comprising a computer proces-
sor, the fault diagnosis device being configured at least
to perform:
avoltage detection for detecting voltage appearing at the
output level, and
a diagnosis for performing, when the two diagnostic
channels are selected in succession to be connected to
the output channel, a process in which the multiplexer
is determined to be faulty upon detecting that one of
an output voltage of the output channel detected in the
voltage detection when either one of the two diagnos-
tic channels is selected and an output voltage of the
output channel detected in the voltage detection when
the other is selected differs from the diagnostic volt-
age.
2. The fault diagnosis device for a multiplexer according to
claim 1, wherein
the input channels are assigned to at least two of the select-
able channels,
the diagnostic channels being assigned to the channels of
the selectable channels other than the channels assigned
to the input channels.
3. The fault diagnosis device for a multiplexer according to
claim 2, wherein
the diagnostic voltages of the two diagnostic channels are
set to the same voltage, and
the fault diagnosis device being further configured to per-
form the process to determine that the multiplexer is
faulty upon detecting that the output voltage of the out-
put channel when one of the two diagnostic channels is
selected and the output voltage of the output channel
when the other is selected differ from each other.
4. The fault diagnosis device for a multiplexer according to
claim 1, wherein
the input channels are assigned to at least two of the select-
able channels, and
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when the selectable channels other than the channels
assigned to the input channels and the diagnostic chan-
nels are defined as non-use channels, the non-use chan-
nels are assigned to the channels of the selectable chan-
nels, which cannot be selected when the diagnostic
channel is selected to be connected to the output channel
if the multiplexer is faulty.

5. The fault diagnosis device for a multiplexer according to
claim 1, wherein

the input channels are assigned to at least three of the

selectable channels,
the two diagnostic channels are used also as two of the
input channels and short-circuited to each other, and

the fault diagnosis device is further configured to deter-
mine that the multiplexer is faulty upon detecting that
the output voltage of the output channel when one of the
two diagnostic channels is selected and the output volt-
age of the output channel when the other is selected
differ from each other.

6. The fault diagnosis device for a multiplexer according to
claim 1, wherein the diagnostic voltages are set to a voltage
different from the input voltage of each of the input channels
other than the diagnostic channels.

7. The fault diagnosis device for a multiplexer according to
claim 6, wherein

the input voltage of each of the input channels other than

the diagnostic channels is set within a predetermined
voltage range, and

the diagnostic voltages are set outside the predetermined

voltage range.

8. The fault diagnosis device for a multiplexer according to
claim 1, wherein the process in which the multiplexer is
determined to be faulty determines occurrence of a stick fault
of the multiplexer.

9. The fault diagnosis device for a multiplexer according to
claim 1, wherein the process in which the multiplexer is
determined to be faulty determines occurrence of a pin short-
circuit fault of the multiplexer.
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